thrombotic therapy should include aspirin, while the addition of clopidogrel should be decided case-by-case. Furthermore, perioperative antithrombotic therapy in patients undergoing carotid stenting should consist a combination of aspirin plus clopidogrel.
Introduction
The management of internal carotid stenosis is an important element in stroke prevention and has been the subject of extensive clinical investigation, including multiple controlled randomized trials. In fact, multiple treatments have been shown to be beneficial in treating carotid disease. Being so, we have carried out this review on the best medical therapy available, especially antithrombotic treatment. Moreover, we reported the influence of this treatment in patients with symptomatic and asymptomatic stenosis, before and after revascularization. About 20% of ischemic stokes are estimated to be the result of carotid artery occlusive disease [1] , and nearly 80% of these strokes occur in asymptomatic patients without histories of stroke or transient ischemic attack (TIA) [2] . Clinically relevant stenosis, which increases the risk of stroke, is defined as a stenosis greater than 50% [3] . In the general population, the prevalence of ≥ 50% carotid stenosis ranges from 0.2% in males aged up to 50 to 7.5% in males aged up to 80. For females, this prevalence increases from 0 to 5% [4] . This prevalence is higher in all patients with additional atherosclerotic lesions: an estimated 11-26% of patients with coronary artery disease and 25-49% with peripheral artery disease have asymptomatic carotid artery stenosis [5] . A number of risk factors have been associated with the development and presence of asymptomatic carotid stenosis with age and male sex appearing to be the most determining [5] . Diabetes mellitus, hypertension, smoking, and dyslipidemia are other modifiable risk factors associated with carotid atherosclerosis [6] .
The estimated annual risks of vascular events in patients with asymptomatic ≥ 50% carotid stenosis are stroke 2%, coronary ischemic event 7%, stroke mortality 0.6%, and overall mortality 4-7% [7] . In these asymptomatic patients, carotid endarterectomy can be performed when the rate of perioperative stroke and death are no more than 3%, as randomized trials have shown a significant benefit from surgery over 5 years follow-up, with an overall reduction in the risk of stroke of about 6% [8] . Carotid stenting is not recommended for asymptomatic patients at this time [9] .
The prognosis of patients with symptomatic carotid stenosis is dramatically different from that of patients with asymptomatic carotid stenosis because the risk of stroke after a TIA or stroke is very high particularly in patients with severe carotid stenosis [10] . Pooled data from the major carotid surgery trials have shown that even if great care is taken to optimize the modifiable risk factors, using treatment therapy available at the time, patients with carotid stenosis greater than 50% have a 5-year cumulative risk of 21.2% for ipsilateral stroke if treated medically alone [11] . In these patients, endarterectomy was reported to reduce the 5-year absolute risk of ipsilateral ischemic stroke and any operative stroke or death in patients with 50-69% stenosis by 4.6% and was highly beneficial in patients with 70-99% stenosis with an absolute risk reduction of 16% [12] . However, no benefit in patients with a near occlusion was observed. The role of carotid stenting has still not been clearly defined and there is no convincing data demonstrated that this procedure is superior to endarterectomy even for high-risk patients [13] .
Medical Management of Patients with Carotid Atherosclerosis Focusing on Anti-Thrombotic Therapy
In asymptomatic and symptomatic patients, with or without revascularization, the optimal management of carotid artery stenosis requires the use of medications or lifestyle modifications (stopping smoking and monitoring hypertension, hyperlipidemia, and diabetes) to control the processes that cause atheroma as well as the use of antiplatelet agents to reduce the risk of embolic events [14] . Regarding antithrombotic therapy, a differentiation between asymptomatic and symptomatic stenosis needs to be done.
Risk Factors Control
Multiple studies on statins have reported a regression of carotid intimal medial thickness, which is a strong predictor of carotid atherosclerosis and also a risk factor for stroke [15] [16] [17] .
The Heart Protection Study (HPS), that randomized 20,536 high-risk patients with a history of ischemic heart disease and other vascular diseases including ischemic stroke or diabetes mellitus, to simvastatin 40 mg once a day or placebo, reported a significant decrease in the rate of carotid endarterectomy in those patients treated with statins (RRR 0.54, 95% CI 0.38-0.77) [18] . Likewise, the SPARCL trial (The Stroke Prevention by Aggressive Reduction in Cholesterol Levels) randomized 4,731 patients with recent stroke or TIA having LDL-cholesterol between 100 and 190 mg/dl without a history of ischemic coronary disease to atorvastatin 80 mg once a day or placebo. Also this study reported a reduced rate of revascularization including carotid revascularization in those patients treated with statins (HR 0.55, 95% CI 0.43-0.72) [19] .
Clinical trials and epidemiological studies have evidenced that lowering blood pressure reduces the risk of both, first and recurrent stroke. Lowering blood pressure through antihypertensive treatments is recommended for individuals who have hypertension along with asymptomatic carotid stenosis. At the same time, Rothwell and colleagues have reported that the relationship between blood pressure and stroke risk is less predictable for pa-tients with extracranial symptomatic carotid stenosis compared to general populations of patients with stroke or transient ischemic attack [20] . Nonetheless, it is considered safe to treat hypertension in the vast majority of patients with stroke or transient ischemic attack even though a negative relationship between blood pressure and stroke risk in the small proportion of patients who have bilateral 70% or greater carotid stenosis has been reported. This suggests that aggressive blood pressure lowering may not be advisable for the latter group; instead, they require revascularization to render hypertension treatment safer.
Symptomatic Carotid Stenosis
Evidence supporting the use of antithrombotic therapy for secondary prevention of recurrent stroke in symptomatic patients with carotid atherosclerosis is more robust than that available for asymptomatic patients. Specifically, the Antiplatelet Trialists Collaboration reported that antiplatelet therapy is beneficial in patients with recent stroke and TIA, although patients with symptomatic carotid stenosis were not separately identified in these analyses [21] . Moreover, aspirin and the combination of aspirin and extended released dipyridamole, clopidogrel, and triflusal have been shown to be effective as antiplatelet agents in long-term secondary prevention of ischemic stroke [22] and all are considered acceptable options for initial therapy. Aspirin (81-300 mg) has also been shown to be safe and effective in the acute postischemic phase (first 48 h) and should be started immediately in patients with ischemic stroke or TIA. Regarding the combination of aspirin and clopidogrel, there is some evidence that it is significantly better than aspirin alone at preventing embolization from recently symptomatic carotid stenosis. In fact, a combination of clopidogrel and aspirin cohort had fewer patients with microembolic signals (MESs), fewer MESs per h, and fewer strokes compared to patients treated with aspirin alone in the first week after the initial clinical presentation [23] . Likewise, the CHANCE trial evidenced that patients with TIA or minor stroke who could be treated within 24 h after the onset of symptoms, the combination of clopidogrel and aspirin better reduced the risk of stroke in the first 90 days and did not increase the risk of hemorrhage compared to aspirin alone. This randomized, double-blind, placebo-controlled trial conducted at 114 centers in China, randomly assigned 5,170 patients within 24 h after the onset of minor ischemic stroke or high-risk TIA to combination therapy with clopidogrel and aspirin (clopidogrel at an initial dose of 300 mg, followed by 75 mg per day for 90 days, plus aspirin at a dose of 75 mg per day for the first 21 days) or to placebo plus aspirin (75 mg per day for 90 days). Stroke occurred in 8.2% of patients in the clopidogrel-aspirin group, compared to 11.7% in the aspirin group (hazard ratio, 0.68; 95% confidence interval, 0.57-0.81; p < 0.001). Moderate or severe hemorrhage occurred in seven patients (0.3%) in the clopidogrel-aspirin group and in eight (0.3%) in the aspirin group (p = 0.73); the rate of hemorrhagic stroke was 0.3% for each group [24] . The CHANCE trial results are based upon a Chinese-only population where the prevalence of extracranial atherosclerosis is known to be very low as compared to intracranial atherosclerosis, thus the results should not be considered applicable to other populations.
Oral anticoagulants have been shown to be less effective than antiplatelet therapy for secondary prevention of neurological events in patients with carotid atherosclerosis without a history of atrial fibrillation and therefore, it is not indicated in patients with symptoms of cerebral ischemia [25, 26] .
Asymptomatic Carotid Stenosis
A meta-regression analysis has reported that the annual risk of ipsilateral stroke in asymptomatic patients treated medically has decreased from around 2.5% to less than 1% over the last two decades [27] . Best medical management in these patients should also consider administering antiplatelet therapy. However, there is very little evidence that antiplatelet therapy is beneficial in preventing stroke or the progression of stenosis in asymptomatic patients [8] . Specifically, one randomized trial of aspirin versus placebo in patients with asymptomatic carotid artery stenosis failed to show any significant long-term protective effect of aspirin therapy [28] . Additionally, a meta-analysis of four primary prevention trials in 'high-risk' patients (some included patients with asymptomatic carotid stenosis), has suggested that the risk-benefit ratio favors antiplatelet therapy (usually monotherapy with aspirin) if the annual baseline risk of myocardial infarction exceeds 1.5% per year [29] . For this, the US Preventive Services Task Force has recommended daily aspirin as cardiovascular prevention in patients with anticipated cardiac morbidity of 3% [30] . The most recent AHA guideline for the primary prevention of cardiovascular disease and stroke, in line with the US Preventive Services Task Force, suggests the use of aspirin in persons at high risk, but it recommends a ≥ 10% risk per 10 years rather than >3% risk over 5 years to im- prove the likelihood of a positive balance of coronary risk reduction over bleeding and hemorrhagic stroke can be caused by aspirin [31] . There is no evidence to suggest that antiplatelet agents, other than aspirin, can improve benefit in asymptomatic patients with carotid stenosis [9] .
Regarding combination antiplatelet therapy, the CHARISMA study, randomized 15,603 high-risk patients for cardiovascular disease to clopidogrel plus aspirin versus aspirin alone and followed them up for a median of 28 months. Of the patients, 3,284 had asymptomatic vascular disease and were included in the study for several reasons, including the presence of 70% or greater carotid stenosis. In these asymptomatic patients, dual therapy did not reduce the primary endpoint of myocardial infarction, stroke or, cardiovascular death but was associated with an increased risk of cardiovascular death and higher bleeding rates [32] . There is currently no evidence to support the use of combination antiplatelet therapy in patients with asymptomatic carotid stenosis.
Medical Management for the Perioperative Period of Carotid Endarterectomy
Aspirin therapy alone has been reported to reduce the relative risk of thromboembolic stroke by 20-25% [33] . Yet, 2-5% of patients will still suffer an ischemic stroke in the perioperative period [34] . A low dose (81-325 mg) appears to be more effective then higher doses [35] . Additionally, aspirin must not be discontinued before endarterectomy because the risks of periprocedural myocardial infarction from aspirin withdrawal outweigh the risk of fatal or severe bleeding [9, 36] . For the above reasons, aspirin should be continued before and after surgery.
Many of the patients undergoing endarterectomy also have previously undergone coronary intervention including drug-eluting stents, which also mandates the use of clopidogrel with aspirin [37] . Furthermore, the preoperative administration of clopidogrel and aspirin seems to reduce postoperative embolization [38] . However, patients taking this combined therapy in the perioperative period have been reported to have a 0.4-1.0% higher risk of major bleeding compared with aspirin alone [39] . For this, the use of clopidogrel in the perioperative is suggested to be decided on a case-by-case basis [9] .
Medical Management for the Periprocedural Period of Carotid Stenting
The MATCH study demonstrated no additional benefit from the combination of aspirin and clopidogrel compared with clopidogrel alone; instead this combination was shown to increase bleeding complications in the prevention of stroke [40] . Nonetheless, the current practice utilizes dual antiplatelet therapy prior to and after carotid stenting [14, 41] . Specifically, no randomized trial is yet to compare carotid stenting with dual-antiplatelet therapy versus aspirin alone. However, the CARESS study showed a significant reduction in microemboli in patients treated with dual antiplatelet therapy [23] . Moreover, reductions in the rates of periprocedural stroke, myocardial infarction, and death in published clinical trials to date have been seen with the combination therapy [9] . In fact, in the ICSS and EVA-3S studies [42, 43] , the use of dual antiplatelet therapy was recommended but not required. In fact, in EVA-3S, 17% of patients were not on dual antiplatelet therapy prior to the procedure, and nearly 15% did not take this combination after procedure. In the CREST study [44] , the use of dual antiplatelet therapy was required [45] .
Currently, there is no evidence in which to suggest a required length for dual antiplatelet therapy. Despite this, generally in the current practice, dual antiplatelet therapy is initiated at least 3 days before carotid stenting and continued for 1 month after the procedure, whereas aspirin is continued indefinitely [9, 46] .
Future Perspectives
Given that great advances, which have significantly reduced the incidence of cerebrovascular disease, have been made over the last 20 years in medical therapy for the prevention of stroke, it is plausible that the benefits of medical therapy outweigh the benefits of surgery in patients with carotid stenosis. To determine such hypothesis, we need to directly compare medical therapy, especially antiplatelet, to surgery. The European Carotid Surgery Trial 2 (ECST-2) (ISRCTN 97744893) is an international randomized trial investigating the optimal treatment in patients with symptomatic or asymptomatic moderate or severe carotid stenosis at low or intermediate risk of future stroke. The trial is comparing the risks and benefits of treatment using current optimized medical management alone versus the addition of immediate carotid surgery (or stenting). 
Conclusions
There is inadequate evidence supporting the idea that antiplatelet therapy is beneficial in preventing stroke in asymptomatic patients. However, evidence in favor of using antiplatelet therapy for secondary prevention of recurrent stroke in symptomatic patients with carotid atherosclerosis is more convincing. Regarding patients undergoing carotid endarterectomy, perioperative antithrombotic therapy should consist of aspirin alone, while the addition of clopidogrel should be considered for highrisk patients. Finally, patients undergoing carotid stenting should be administered with perioperative aspirin and clopidogrel.
